Summary.-Certain strains of Salmonella typhimurium and Escherichia coli, particularly those which are very sensitive to u.v. light, are killed when incubated with rat liver mixed function oxidases and aflatoxin B1. UvrA or recA strains of E. coli are more susceptible than the wild-type strain, while the double mutant uvrA recA is the most sensitive strain yet tested. The aflatoxin B1 metabolite is also able to induce reverse mutations in 2 histidine auxotrophic strains of S. typhimurium, one strain of which is reverted specifically by frame shift mutagens and the other by agents inducing base pair substitutions.
mould Aspergillus flaJnus, has been found as a contaminant of human foods (Shank, Wogan and Gibson, 1972) . The compound is the most potent liver carcinogen known for the rat (Wogan and Newberne, 1967) and is suspected of being a primary cause of human liver cancer in certain areas, particularly in Africa (IARC, 1972) .
Little is known about the mechanism of tumour initiation by aflatoxin B1 compared with other chemical carcinogens, although there have been manv reports on the biochemical and pathological alterations found after aflatoxin B1 administration to animals (Goldblatt, 1969) . Recent work on other chemical carcinogens suggests that many of them must be metabolized before they can initiate cancer (Miller, 1970; Magee and Swann, 1969) . These metabolic processes are often catalysed by liver microsomal mixed function oxidases and yield reactive, short-lived intermediates which interact with tissue components to initiate the cancer process. Some of these reactive molecules can also induce mutations in bacteria although the parent compounds are non-mutagenic. For example, dimethylnitrosamine is non-mutagenic when applied directly to bacteria but can be converted to a mutagenic compound by liver mixed function oxidases (Mailing, 1971) . Aflatoxm B1 has been shown to be mutagenic for Drosophila (Lamb and Lilly, 1971) , Neurospora (Ong and de Serres, 1972) and bacterial transforming DNX (Maher and Summers, 1970) . The compound will also transform mammalian liver cells in tissue culture (Toyoshima et al., 1970) . WArhen aflatoxuin B1 was tested in a microsomal activation assav in vitro, it was shown to be converted by liver mixed function oxidases to a reactive metabolite toxic to 2 strains of S. typhimurium (Garner et al., 1971) . Other compounds structurallv similar. to aflatoxin B1 were also active but only if there was an isolated double bond at the 2, 3 position (see Fig. 1 ) (Garner, Mtiller and Miller, 1972) . The metabolite formed was labile, reacted with cellular macromolecules and attacked DNAX preferentiallv. Studies with polynucleotides indicated that purine bases, especiallv guanine, were attacked (Garner, 1973a (Marshall and McLean. 1969) .
Livers for use in the microsomal activation assay were removed and subfractionated as previously described (Garner et al.. 1972 (Ames, 1971 ). However, it was not possible to ascribe sensitivitv to the aflatoxin B1 metabolite solelv to the absence of this DNA repair function since other adjacent genes were also deleted (gal, chl, hut, bioA) . In preliminarv experiments using E. coli strains with point mutations rather than the S. typhimurium strains previously used in the toxicity assay, it was found that it was onlv the absence of the uvrB gene product which increased sensitivity to the aflatoxin B1 metabolite markedlv.
In the S. typhimurium series the presence or absence of the galactose gene mutation also affected sensitivity galt strains being less sensitive than gal strains (data not shown).
Recombination deficient (rec) mutants are also sensitive to u.v. light through their deficiencv in post-replication repair (Howard-Flanders, 1968) . In a series of E. coli mutants, carr-ing uvrA and/or recA, the double mutant uvrA recA, which is both recombination deficient and unable to excise thv-mine dimers, is the most sensitive strain so far tested. This parallels the sensitivity of this strain to u.v. light (Table I) (Ames, 1971 Table III ). Benzo(a)pyrene was tested as well as 3-methylcholanthrene and found also to have no effect (data not presented). Both these agents induce microsomal polycyclic hydrocarbon epoxidase (Sims, 1970 Flasks containing 250 mg fresh liver equivalents of pooled postmitochondrial fraction from 3 rats were incubated with either 2 or 5 jumol/l of the compound and E. coli AB 2480 for 20 min at 37 C in a 3 ml volume. Each compound was tested independently. gillus versicolor. Except for aflatoxin B2, only the compounds which had a vinvl ether grouping were active, a finding in agreement with our previous results. Reasons for the activity of aflatoxin B2 are discussed later. None of the compounds at the concentrations used in the host mediated assay were themselves toxic, and all toxic activity was lost by heat denaturing the liver preparation.
DISCUSSION
Increasing knowledge of the chemicallv reactive intermediates formed by metabolism in the host animal suggest that for many classes of chemical carcinogens active electrophilic derivatives are formed from the parent compounds. These intermediates have been shown to be mutagenic in a number of cases, e.g. acetylaminofluorene derivatives (Ames et al., 1972) ; epoxides of some polycyclic hvdrocarbons (Ames, Sims and Grover, 1971) ; dialkylnitrosamine derivatives (Gabridge and Legator, 1969) .
Thus induction of mutations in bacteria may provide a rapid screening method for detecting electrophilic ultimate carcinogens. However, most bacteria are often unable to carry out the same activating steps as mammalian cells and so an assay has been developed which utilizes mammalian cell enzymes to activate the compound and microorganisms to detect these activated molecules (Gabridge and Legator, 1969) . Using an in ritro modification of this technique, it has been shown previouslv that aflatoxin B1 can be converted bv liver mixed function oxidases to a reactive metabolite which can (1) kill two strains of S. typhimuriunm and (2) bind to cellular macromolecules.
The sensitive S. typhimurium strains had a number of gene deficiencies of which the urrB gene was probablv the most important. This gene controls one of the functions responsible for removing lesions in the bacterial DNA. However, it was not possible to show conclusivelv that sensitivitv was dependent solelv on the absence of this gene because neighbouring genes were also deleted. From the data presented with the E. coli strains it is possible to state definitely that susceptibility is dependent on the inability to repair DNA damaged bv the aflatoxin B1 metabolite, and that the inactivation is due to attack of DNA, by the metabolite, since the only difference between these strains is in their excision-repair abilitv. In the S. typhimurium series the composition of the bacterial cell wall has some influence on sensitivity since gal strains are more sensitive than gal+ strains. A similar observation has been noted bv other workers, probablv because of an increased permeability of gal strains to the mutagens tested due to an altered lipopolysaccharide in the cell wall (Ames et al., 1971; Ames, Lee and Durston, 1973 (Wogan, Edwards and Newberne, 1971) .
The metabolite appears not to be attacked by the type of nucleophiles which have shown reactivity towards the epoxides of polcycvic hvdrocarbons. The only nucleophile which had any inhibit,orv action in the microsomal activation assav was 2.3-dimercaptopropanol. The inhibitorv action of 2.3-dimercaptopropanol may be because this compound is readily soluble in the microsomal membranes and is able to attack the toxic metabolite almost immediately it is formed. The effect of dimercaptopropanol does not appear to be due to an inhibition of aflatoxin metabolism as experiments using microsomes, dimercaptopropanol and 14C aflatoxin B1 in ritro show no alteration in the amount of aflatoxin B1 metabolized (Garner, unpublished) . One can conclude, therefore, that the metabolite is reactive and that its formation is dependent on the vinyl ether group. Recent work has provided strong chemical evidence for the formation of 2,3-epoxy aflatoxin B1 during microsomal metabolism: this may be the lethal and mutagenic metabolite (Garner, 1973b) . On the basis of their studies other workers have also suggested that aflatoxin B1 may be converted to an active metabolite (Goodall and Butler, 1969: Edwards and Wogan, 1970 Patterson and Roberts, 1970) .
There is now good evidence that a correlation exists between compounds that induce mutations in bacteria and those which are carcinogenic (Miller and Miller, 1971) . It would be surprising if the aflatoxin B1 metabolite(s) which induces mutations in bacteria is in no wav related to that which initiates cancer in animals. Studies with aflatoxin and related compounds clearly show the potential of these short-term tests using microorganisms to detect activated metabolites. Of the compounds mentioned in this report, a number have not been tested for carcinogenicity (parasiticol, 0-methyl 
